This paper examines whether the announcement of an employee stock ownership plan (ESOP) affects stock price crash risk and the mechanism by which the ESOP may influence crash risk, using a sample of Chinese A-share firms from the period 2014 to 2017. We provide evidence that an ESOP announcement is significantly and negatively related to a firm's stock price crash risk. An ESOP announcement sends positive signals to the market that insiders are optimistic about a firm's future value, which helps enhance investor confidence, resist the pressure for a fire sale caused by negative information disclosure, and reduce stock price crash risk. Further research shows that larger-scale, lower-priced and non-leveraged ESOPs are more helpful in reducing crash risk. This paper sheds lights on the impact of ESOPs in a volatile market environment. It also contributes to firms' implementation of ESOPs and the development of the legal system in capital markets.
Introduction
The China Securities Regulatory Commission (CSRC) issued the "Guiding Opinions on the Pilot Program for the Implementation of the Employee Share Ownership Plans by Listed Companies" ("Opinions") on June 20, 2014. ESOPs have been attracting more and more attention and recognition from China's listed companies. By December 31, 2017, more than 816 Chinese A-share listed companies had successively implemented ESOPs and many other companies have indicated that they intend to implement ESOPs. Are ESOPs an effective means to stabilize market sentiment and stock prices or an accelerator for market fluctuations and crash? The answer to this question is important to listed firms and regulators, especially in China where ESOPs are still relatively new and stock markets are still underdeveloped and often suffer from systematic sharp downturns.
There is considerable research on ESOPs and stock price crash risk respectively in the existing literature. However, limited research has been conducted on the influence of ESOPs on stock price crash risk directly. The most related research may be the influence of executive equity incentives on stock price crash risk. Ismail et al. (2016) argue that executives are more likely to announce good news in a timely manner and conceal bad news after the adoption of executive equity incentives. Kim et al. (2011b) study the relationship between executive equity incentives and stock price crash risk.
They find that CFO option incentives increase future stock price crash risk. These two studies indicate that the relationship between ESOPs and crash risk may be positive.
However, although there are some similarities between ESOPs and executive equity incentives, the influence of ESOPs on stock price crash risk may be very different from that of executive equity incentives. First, as executive equity incentives target the top executives or executive team, the range of targets is often limited. The scope of ESOPs is undoubtedly wider and includes a substantial number of or most employees aside from executives. The number of insiders committed to firm value greatly increases and the difficulty executives have in concealing a firm's bad news is significantly higher after the adoption of an ESOP. Second, executives can exercise their options at any time after the exercise date in executive equity incentives in the form of stock options; hence they only need to pay attention to the stock price when they exercise their options. However, the selling of stock in the case of an ESOP needs the unanimous consent of the shareholder committee and must comply with strict laws and regulations. It is more complicated, difficult and time-consuming. Therefore, an ESOP is likely to contribute more to the long-term value of a firm instead of increasing the short-term stock price by concealing bad news. Last but not least, stock ownership incentives are often offered to executives freely or at a very low price, meaning money on the table for executives. Executives benefit as stock price increases and suffer no losses when prices drop. However, participation in ESOPs is not free. Employees need to pay for ESOPs in accordance with (in the case of purchase from the secondary market) or in reference to (in the case of private placement) the market price, even needing to assume extra liabilities in the case of leveraged ESOPs. If share prices fall below the ESOP purchase price, participants will suffer extra losses, and even go bankrupt due to margin closeout in the case of leveraged ESOPs. Therefore, compared with executive equity incentives, ESOP participants may be more conservative and less likely to increase share prices through short-term risk-taking behaviors increasing future crash risk. For these reasons, we assume that ESOPs may reduce stock price crash risk rather than increase it like executive equity incentives do.
To examine the actual influence of ESOPs on stock price crash risk, we conduct empirical tests using Chinese listed firms who adopted ESOPs from 2014 to 2017. Empirical results show that the announcement of an ESOP significantly decreases a firm's future stock price crash risk. The mechanism by which ESOPs affect crash risk is mainly through signaling effects, namely, ESOPs convey positive signals to the market that insiders are optimistic about the firm's future value, which helps build investors' confidence in the firm, mitigates the fall in stock price or a fire sale on stocks if there is bad news, and thus reduces stock price crash risk. The positive signals ESOPs convey to capital markets also include the likelihood that employees participating in ESOPs are more motivated in exposing firms' bad news, especially when their shares are within a lock-in period. This finding is consistent with previous research, which focuses mainly on the announcement effect of ESOPs. Beatty (1995) shows that ESOP announcements may provide investors with signals about firms' tax avoidance and anti-takeover behaviors. Conte et al. (1996) investigate the financial return and market reaction of ESOP announcements. They find that an ESOP announcement is a good signal to buy a firm's stock. Banerjee et al. (2017) examine the stock price performance of ESOP firms during economic crisis and recovery and find that ESOPs predict a lower fall in market Li et al. Frontiers of Business Research in China (2019) 13:14 Page 2 of 33 capitalization during a crisis and a greater rise in market capitalization at the end of the crisis. External shareholders pay close attention to information signals generated by managerial actions [ESOPs and Seasoned Equity Offerings (SEOs) ] that indicate resilience during an economic crisis. This paper also finds that the impact of ESOPs on stock price crash risk depends on the characteristics of the ESOPs. In particular, the link between ESOPs and stock price crash risk is more pronounced in larger-scale ESOPs, which is consistent with the findings on the signaling effect of ESOPs, as larger-scale ESOPs convey stronger signals about employees' optimistic views on firms' future value. ESOPs with high prices or financial leverage do not reduce crash risk and sometimes even raise it, which is inconsistent with the signaling effect. However, these inconsistent results do not mean the signaling effect is ineffective, but indicate special signals about liquidation pressure in a harsh market environment, which offset the positive signals sent by the ESOPs. Our results are robust to various sensitivity analyses.
Our study makes several contributions. First, this study contributes to the literature on the impact of ESOPs. This paper is the first so far directly testing the influence of ESOPs on the stability of capital markets from the perspective of stock price crash risk, while previous research focused mainly on employees' attitudes, firm performance, market reactions and abnormal returns. Our study enriches the perspectives on ESOP influence and is a necessary supplement to the existing literature.
Second, our study extends literature on the influence factors of stock price crash risk. Existing literature on factors affecting stock price crash risk mainly takes into account the concealment and concentrated disclosures of bad news, while this paper includes ESOPs into the study framework of stock price crash risk, and examines the influencing factors of stock price crash risk from the perspectives of insiders' signals sending and investor behaviors, which is an important extension of the existing literature.
Finally, this paper uses a specific period, namely "the stock market crash in 2015" to examine the impact of ESOPs on crash risk. It is a beneficial supplement to specific and situated studies on ESOPs, and it also sheds light on the further establishment and improvement of the relevant laws and regulations to the regulatory authorities.
The remainder of this paper is organized as follows. Institutional background introduces the history and basic background of ESOPs in China. literature review and hypotheses development section presents the literature review and theoretical hypotheses. Research design section describes the study design. In empirical results section, analysis and explanation of empirical results are presented. Conclusion section concludes. which led to a further increase in the number of companies that implemented ESOPs. However, ESOPs at that time were far from formal, and a series of key issues were not clear. Abuse of public power and corruption emerged as the number of ESOPs expanded. As such, the government gradually stopped approving new applications for ESOPs and the implementation of ESOPs was actually stagnating.
To sum up, it is impossible to research the influence of ESOPs on capital markets at this stage, as only two major stock exchanges in China, the Shanghai Stock Exchange and the Shenzhen Stock Exchange, had just officially come into existence and only eight stocks were traded in 1990. Most firms adopting ESOPs at that time were nonlisted companies. The adoption of an ESOP cannot be regarded as an independent market-driven choice of a firm, for adoption and termination were both under the control of the government.
Almost 20 years later, the CSRC issued the "Opinions" on June 20, 2014, which indicated the resurgence of ESOPs in China. By the end of 2017, 816 out of 3,468 Chinese A-share listed companies had successfully implemented ESOPs and many other companies have the intention of adopting ESOPs. In addition, a large number of non-listed companies, especially start-ups and high-tech ones have also implemented ESOPs.
Unlike in the US, where ESOPs are typically used as a pension plan (e.g., Holden and Van Derhei 2003; Mitchell and Utkus 2002; Rauh 2006 ) and a means to conserve cash in lieu of wages (e.g., Core and Guay 2001; Kim and Ouimet 2014; Poterba 2004) , ESOPs in Chinese firms, especially in listed firms, are adopted in the hope of establishing a benefit-sharing system between workers and owners, improving corporate governance, enhancing employee cohesion and the competitiveness of a company. All of this is covered in the "Opinions."
In reality, ESOPs are often used by start-ups and high-tech companies as a means of retaining core employees (so-called "golden handcuffs"), which means that ESOPs in China emphasize incentives and benefits-sharing. Because of a lack of cash, there is indeed a phenomenon of substituting equity for wages in some Chinese start-ups. However, this is not the case in China's listed firms though employees pay for shares with their future wage earnings in most ESOPs, which may reduce cash outflows of wage payment. The implementation of an ESOP does not improve the cash holdings of a company, for less than a third of ESOPs in our sample are implemented through the offering of new shares. Cash from ESOPs flow more to the stock market than to ESOP firms through block transactions and secondary market acquisitions. In fact, due to the existence of leveraged ESOPs, the implementation of ESOPs has somewhat deteriorated firms' financing ability rather than improving firms' cash holdings. As a provider of leveraged capital, financial institutions usually require a guarantee from ESOP firms or their major shareholders. Due to the severe shocks in the China's stock market in 2015, firms that had implemented leveraged ESOPs and their major shareholders assumed huge joint and several guarantee liability. In order to avoid compulsory liquidation, some even repaid the leveraged capital in advance with their own funds.
ESOPs are also regarded as an effective anti-takeover tool (e.g., Beatty 1994; Chang and Mayers 1992; Chaplinsky and Niehaus 1994; Gordon and Pound 1990; Park 2017; Rauh 2006 ) in the US with fully decentralized stock ownership. However, the ownership structure of listed firms in China is relatively centralized. According to the 2017 annual report of A-share listed companies in China, among all 3,512 listed companies, the average shareholding ratio of the largest shareholder is 33.8% and 520 companies account for more than 50% of the largest shareholders. Considering that there may be common ultimate controllers among different shareholders, the actual ownership concentration is higher than these figures. Correspondingly, the shareholding ratio of ESOPs in China is only 1.68%, which only has a minimal impact on firms' ownership structure and would not be able to prevent a takeover.
According to the "Opinions," the total shareholding ratio of ESOPs shall not exceed 10%, and the single employee stock ownership ratio shall not exceed 1%. Considering that ESOP participants are usually hundreds or even thousands of employees and the shareholding ratio of ESOPs in China is less than 2%, the shareholding ratio of a single employee is even smaller. The free riding behavior of ESOP participants maybe a problem to be considered (Brown et al. 1999; Comment and Jarrell 1987; Kim and Ouimet 2014) . However, we argue that free riding behavior is not a causative problem in this paper; instead, ESOP participants may be the active shareholders that shareholder activism theory has been looking for, especially in the Chinese context. Free riding problems in ESOPs occur mainly in reducing productivity or firm performance (e.g., Kim and Ouimet 2014) . Employees may behave differently in supervising management and disclosing negative information. Dyck et al. (2010) find that 17% of U.S. firms' financial fraud is first disclosed by employees. The number of active employees needed to improve productivity and supervise management may be totally different. In other words, only one active employee in the firm may have no effect on improving productivity, but one is enough for information disclosure. There are many factors that can change an ordinary employee into an active one. These factors are sometimes even not worth mentioning from the perspective of corporate governance and incentives. For example, a Chinese listed firm, Changsheng Biotechnology Co., Ltd. (stock code: 002680), was fined RMB9.1 billion and forced to withdraw from the stock market for promulgating fake vaccines in 2018. This event, which forced the CSRC to amend the rules for compulsory delisting of listed firms, was first exposed by employees within the firm, whose initial motivation was that the company did not pay their overtime wages on time. Participation in an ESOP presumes a closer link between the employees' and the firm's interests than overtime wages. Once employees have been injured, they are more likely to become active employees and expose bad news about the firm, which in turn affects the firm's stock price and the stock price crash risk.
Finally, in China, ESOPs are still relatively new, and investors may not fully understand what an ESOP is. Since the Chinese stock markets and investors are far from mature, there may be deviations in the market reactions to ESOPs.
Literature review and hypotheses development
The existing literature on ESOPs and on stock price crash risk is extensive; however, few studies have been conducted on the relationship between ESOPs and stock price crash risk directly. As a mechanism linking employees' interests and firms' future value, ESOPs are often regarded as an effective incentive measure, which can encourage employees' motivation (Akerlof 1982; Buchko 1992; Hammer et al. 1981) , improving firm performance (Ahrens 2018; Conte and Tannenbaum 1978; Kumbhakar and Dunbar 1993; Pugh et al. 2000; Quarrey et al. 1986; Rosen and Quarrey 1987) . The capital market generally considers ESOP announcements to be positive signals of stock price Li et al. Frontiers of Business Research in China (2019) 13:14 which result in positive market reactions (Ding and Sun 2001; De Fusco et al. 1990; Fang et al. 2015; Tehranian and Waegelein 1985; Triki and Ureche-Rangau 2012) .
Overall, ESOPs are considered to be helpful in enhancing firm value and stock price. The existing literature shows that stock price crash risk is due to the concealment and subsequent concentrated outbreak of bad news. In consideration of private benefits, such as political promotion (Piotroski et al. 2015) , tax avoidance (Kim et al. 2011a) and stock ownership incentives (Kim et al. 2011b) , executives are motivated to disclose firms' good news in a timely manner while concealing bad news as far as possible. However, hoarded bad news is suddenly revealed once concealment fails, which has a negative impact on stock price and eventually leads to stock price crash (Xu et al. 2013) . Therefore, the key to reducing stock price crash risk lies in timely and effective information disclosure and avoidance of bad news hoarding (Jin and Myers 2006) .
Building on the existing research, we propose two different effects of ESOPs on stock price.
On the one hand, ESOPs may be negatively related to crash risk. ESOPs send positive signals to the market that insiders are optimistic about a firm's value (Tehranian and Waegelein 1985) , and these signals are often reliable for the following reasons. First, not all firms can successfully issue an ESOP. An ESOP may be terminated if the board of directors votes to oppose it, if it is vetoed by shareholders, or if employees choose not to participate. In fact, more than 200 ESOPs have not been successfully issued for these reasons from 2014 to 2017 in China. The successful issuance of an ESOP represents the unanimous judgment of directors, shareholders and employees on the value of the firm. Second, participating in an ESOP is a voluntary and independent decision made by employees rather than a compulsory act under firms' administrative orders; therefore it is a better way to show the employees' evaluation of firm value than other channels such as corporate marketing and media reports. Third, employees need to pay for ESOPs, sometimes assuming extra liabilities, which make ESOP participation a high cost and risky decision. Employees will not participate in the ESOP unless they do believe in the firm's future value. It is highly unlikely that employees would participate in an ESOP just to raise stock price and mislead investors.
Therefore, an ESOP announcement can upgrade investors' estimates of the firm's future value, help build investors' confidence in the firm, reduce the possibility of a stock fire sale due to short-term negative news, and decrease a firm's future stock price crash risk. The higher the cost employees pay for participating in an ESOP, the stronger the signal sent to capital markets. Larger-scale, higher-priced and leveraged ESOPs are more signaling than otherwise. The signaling effect of an ESOP on crash risk can also work through motivating employees to disclose firms' bad news. Internal employees are one of the most important ways a firm's bad news is exposed (Dyck et al. 2010 ). An ESOP strengthens the link between employees' wealth and firm stock price performance. Employees are more motivated to disclose bad news in order to prevent possible declines in stock price caused by a concentrated outbreak of bad news when they sell their stocks. This will also enhance investors' confidence in a firm's future value and reduce crash risk. Based on the signaling hypothesis, we predict that ESOPs send positive signals to the market about a firm's value, reduce negative reactions to bad news and ultimately decrease stock price crash risk.
On the other hand, ESOPs may increase crash risk under specific circumstances. As a tool linking shareholders' benefits with employees' (Hall and Murphy 2000 Huddart 1994; Jensen and Murphy 1990; Kim and Ouimet 2011) , employees share not only the benefits but also the risks with the firm after the adoption of an ESOP. Participants in an ESOP will suffer extra losses if share prices drop dramatically after the adoption of an ESOP. As employees are generally considered to be risk neutral or even risk averse (Agrawal and Mandelker 1987; Cohen et al. 2000; De Fusco et al. 1990; Haugen and Senbet 1981; Rajgopal and Shevlin 2002) , an ESOP committee may sell off shares to stop losses when share prices fall sharply. ESOPs may be forced to sell off shares in the form of a margin close out in the case of leveraged ESOPs, if the margin is not replenished or no other remedial measures are taken. These active or passive trading practices will accelerate the drop of stock price and increase crash risk. Second, considering that the ESOP is now a hot topic in China's capital markets, announcements of ESOPs are more likely to attract analysts' optimistic bias and forecasting may also increase a firm's stock price crash risk (Xu et al. 2013) .
Therefore, we propose two competing hypotheses.
Hypothesis 1a: ESOP announcements are negatively related to firms' future stock price crash risk. Hypothesis 1b: ESOP announcements are positively related to firms' future stock price crash risk.
Research design

Sample selection
Our sample period is from the second half of 2014 to the end of 2017. The CRSC issued the "Opinions" on June 20, 2014, which indicates that ESOPs had officially become a stock ownership incentive for Chinese listed companies by that time. It is noteworthy that 2014 is not the first year ESOPs came to China. For example, Chinese SOEs have been allowed to be privatized into incorporated companies and adopt ESOPs with the approval of regulatory authorities since 1992. However, ESOPs at that time were to some extent mandatory, unplanned and nonstandard. Most firms adopting ESOPs were non-listed and therefore did not need to pay attention to crash risk. All of our research data comes from CSMAR and WIND databases, two of the most publicly used and widely accepted databases in financial and economic research in China. The financial and stock exchange data of listed firms used to calculate stock price crash risk are sourced from the CSMAR database. Employee stock ownership data of listed companies are sourced from the WIND database. ESOP partial characteristic data, such as ESOP size, price, and leverage ratio, are collected manually from provisional announcements of listed firms.
We collect data from 816 cases of ESOPs in China announced from the second half of 2014 to the end of 2017, and remove cases with missing or abnormal values which could not be refilled manually, which reduces our ESOP cases to 783. Meanwhile, in order to address the endogeneity problem caused by differences in firm characteristics, and examine the influence of ESOP announcements on stock price crash risk accurately, we conduct propensity score matching (PSM) for ESOP firms. ESOP paired firms Li et al. Frontiers of Business Research in China (2019) 13:14 Page 7 of 33 are in the same industry and most similar in terms of total assets (Ding and Sun 2001; Jones and Pliskin 1997) , return on assets (Beatty 1994) , shareholding ratio of the largest shareholder (Beatty 1994) and debt liability, which previous research has demonstrated impacts the decision to adopt an ESOP. The ratio of event firms to the paired ones is 1:1. Finally, we obtain a full sample of 4,832 observations from 1,566 event and paired firms. Existing literature on stock price crash risk generally uses quarterly data; this paper, however, employs half-year data, as the quarterly data of some control variables (e.g., the information transparency of listed firms measured as the accrual earnings) in the empirical models are unavailable due to the information disclosure rules of the Chinese stock markets. Table 1 reports the number of ESOP adoptions. The number of ESOP adoptions had increased gradually from the second half of 2014 to the end of 2015. The adoption of ESOPs fell sharply in 2016, mainly because China's stock market experienced a big crash in 2015 and the confidence of the firm's major shareholders and employees in the stock market had not yet been restored.
Measuring crash risk
We employ two measures of stock price crash risk, following Chen et al. (2001) , Hutton et al. (2009) and Kim et al. (2011a Kim et al. ( , 2011b . Both measures are based on firm-specific weekly returns estimated as the residuals from the market model. To calculate firmspecific weekly returns, we estimate the following expanded market model regression.
where R i,t is the return of stock i in week t, R m,t r m, t is the value-weighted return of all China A-share stocks in week t. The firm-specific return W i,t is measured by the natural log of one plus the residual return in Eq. (2):
where ε i,t is the regression residual of Eq. (1). Based on W i,t , our first measure of crash risk is the negative conditional skewness of firm-specific weekly returns over the past 6 months (NCSKEW), Specifically, for each firm i in period t, NCSKEW is calculated as:
where W i,t is the firm-specific weekly return defined above and n is the number of weekly returns during period t. A negative sign is put such that a higher value of NCSKEW indicates higher crash risk.
Our second measure of crash risk is the down-to-up volatility (DUVOL). For each firm i over the period t, firm-specific weekly returns are separated into two groups, "down" weeks when the returns are below the mean of firm-specific weekly returns over the last 6 months, and "up" weeks when the returns are above it. Then we calculate the standard deviation of firm-specific weekly returns for each of these two groups separately. DUVOL is the natural logarithm of the ratio of the standard deviation in the "down" weeks to the standard deviation in the "up" weeks:
where n u is the number of up weeks and n d is the number of down weeks over the past 6 months.
Empirical model
ESOPs and stock price crash risk
To investigate the effect of ESOPs on crash risk, we first estimate the following regression:
where CrashRisk i,t represents stock price crash risk of firm i during the time period t, which is measured by the negative conditional skewness of firm-specific weekly returns over the past 6 months (NCSKEW) and the down-to-up volatility measure (DUVOL) of the crash likelihood; ESOP i,t-1 is a dummy variable representing whether firm i adopts an ESOP during the time period t-1, valued at 1 if the firm has announced the adoption of ESOP, and 0 otherwise. We also use the follow indexes to measure firm ESOP in the subsequent empirical tests:
(1) The scale of ESOP stocks (Size_ESOP, Stock_ESOP)
Size_ESOP is the fund scale of an ESOP, which is measured by the natural logarithm of all capital invested in an ESOP (including employees' own money and funds from leveraged financing). Once an ESOP is announced, external investors may judge a firm's future value based on the size of the ESOP. For example, a small-scale ESOP may means that employees are not so optimistic about the firm's future and are not willing to invest a lot of money in the firm's ESOP, which will certainly affect the ESOP's market reaction. We employ this variable to differentiate the market reaction to different capital scales in ESOPs. Stock_ESOP is the shareholding ratio of an ESOP, which is measured as the ratio of ESOP shares to the firm's total outstanding ones. Considering that the variable Size_ ESOP is closely related to the size of the firm, in order to eliminate this correlation, we introduce Stock_ESOP to further test the market reaction of ESOPs of different sizes.
(2) The price of ESOPs (Price_ESOP, R_Price_ESOP)
Price_ESOP is the estimated share price of an ESOP disclosed in the Draft of Employee Stock Ownership Plan. The estimated share price of an ESOP is not only directly related to the future returns of the ESOP, but also reflects the insider judgment on future share price, which will undoubtedly affect the final market reaction. We employ this variable to differentiate the market reaction to the level of share price at which the ESOP is issued.
R_Price_ESOP is the ratio of estimated share price to the closing price of the shares on the date the ESOP was announced. ESOP share price is based on the firm's share price at the time the ESOP was announced, and there is significant difference in prices between different stocks, which may reduce the information content of variable Price_ ESOP. In order to control for this problem, we employ variable R_Price_ESOP to further test the market reaction of ESOPs of different price levels.
(3) The leverage of ESOPs (Dum_lev_ESOP, Lev_ESOP)
Dum_lev_ESOP is a dummy variable representing whether an ESOP is leveraged, valued at 1 if funds used in the ESOP involve debt financing from other financial institutions, and 0 otherwise. A leveraged ESOP implies a higher risk for employees, the firm or its major shareholders with joint and several liability for security than a general ESOP. The willingness to adopt a leveraged ESOP may mean that employees are more optimistic about the firm's future value, which will also affect the external investors' judgment of the firm's value, and thus the market reaction. Therefore, we employ this variable to differentiate the market reaction to the level of ESOP leverage.
Lev_ESOP is the ratio of debt financing to employees' own money in the ESOP. This variable is employed to further test the difference of market reaction to the level of ESOP leverage.
ControlVariables i,t-1 are the control variables. Following Chen et al. (2001) , Hutton et al. (2009) , and Kim et al. (2011a Kim et al. ( , 2011b , we use the following variables as control variables:
(1) Change of trading volume (Dturn), calculated as the average monthly share turnover in period t minus the average monthly share turnover in t -1; (2) Stock return over the past 6 months (Hret), calculated as the mean of firm-specific weekly returns over the fiscal year; (3) Stock volatility (Sigma), calculated as the standard deviation of firm-specific weekly returns over the past 6 months; (4) Firm size (Size), calculated as the log value of the market value of equity; (5) The market-to-book ratio (MB), calculated as the market value of a firm divided by its book value of equity; (6) The firm's asset liability ratio (Lev), calculated as total long-term debts divided by total assets; (7) Profitability (ROA), calculated as net profits divided by total assets; (8) Earnings management (DA), the absolute value of abnormal accruals estimated by the modified Jones model.
As well, we control the lag value of crash risk to account for the potential serial correlation for the sample firms. All of our regressions include industry and time fixed effects.
To eliminate the influence of extreme values on our findings, we winsorize continuous variables by replacing all outliers with the 5th and 95th percentiles. Table 2 presents the descriptive statistics for the variables used in our regression analysis. Panel A of Table 2 , which contains both firms adopting ESOPs and their paired ones, reports the descriptive statistics for the full sample, and gives an overview of the China stock markets in terms of trading volume (Dturn), half year return (Hret), stock price volatility (Sigma), firm size (Size), market to book ratio (MB), leverage ratio (Lev), return on assets (ROA), earnings management (DA), and stock price crash risk (NCSKEW and DUVOL).
More details of ESOPs in China are presented in panel B of Table 2 . The size of ESOPs after logarithmic (Size_ESOP) is 9.310, about 1.679% of firms' total stock (Stock_ESOP). The expected ESOP price (Price_ESOP) is 19.51, which is equivalent to a 30.8% discount of the closing price on the ESOP announcement date (R_ Price_ESOP). 44.9% of ESOPs are leveraged (Price_ESOP); the average proportion of leveraged funds to employees' own money is 71.6% (Lev_ESOP).
Signaling effect of ESOPs on crash risk
To test whether the signaling mechanism of ESOPs on crash risk works, we run the following empirical model:
where Signal i,t-1 is a dummy variable representing a firm's negative information. We use three methods to describe a firm's negative information: A dummy variable of whether the firm's earnings per share (EPS) is lower than analysts' consensus expectation (DEPS), a dummy variable of whether the firm has been penalized by the CSRC (Punish) in the past 6 months, and a dummy variable of whether the firm is involved in lawsuits as a defendant (Lawsuit). Notice that these three variables DEPS, Punish and Lawsuit represent the quality of the firm to a certain extent, which may affect the original crash risk level and cause some endogeneity problems. However, crash risk is caused by a concentrated outbreak of bad news, rather than "bad" firms. We employ these three variables to test the influence of ESOPs on crash risk when bad news does exist and breaks out. If ESOPs do send positive signals to external investors about firms' future value and produce confidence in stock price, the influence of negative information should be weakened and the stock price should drop less or not at all. Empirical results
ESOPs and stock price crash risk
To examine the relationship between ESOPs and stock price crash risk, we estimate Eq. (5) using matched samples obtained through propensity score matching (PSM). Full samples without PSM are also included in Table 3 to ensure the effectiveness of our PSM approach and to control for the selective bias caused by PSM. Table 3 presents the regression results. Columns (3) and (4) report the results of regressions using matched samples, where crash risk is measured by the negative conditional skewness of firm-specific weekly returns over the past 6 months (NCSKEW) and the down-to-up volatility (DUVOL) respectively. Results show that ESOP announcements are negatively related to future crash risk at the 5% level, indicating that ESOPs can significantly decrease firms' future stock price crash risk.
Columns (1) and (2) report full sample results, which cover all listed firms in the China A-share market from 2014 to 2017. The negative relationship between ESOPs and future crash risk still persists after enlarging our research sample to all listed firms in China. As the PSM approach does not affect the relation between ESOPs and crash risk, samples used in subsequent tests are all matched ones.
In sum, results in Table 3 show that ESOP announcements are negatively related to firms' future crash risk, which indicates that ESOPs can decrease crash risk significantly. This finding supports Hypothesis 1a.
Results in Table 3 may also indicate potential endogeneity problems. As ESOPs are negatively related to stock price crash risk, a firm's stock price and its crash risk may also be determinants of ESOP implementation. Firms with lower crash risk are more likely to adopt ESOPs rather than ESOPs' decreasing firms' crash risk. To control for this problem, we modify the PSM approach in this paper, adding firms' previous crash risk level in matching conditions and re-examine Eq. (5). The results still persist, which indicates that the potential effect of firms' previous crash risk level on ESOP adoption cannot explain the negative relationship between them. However, we do not present this result due to the length of this paper. 
Signaling effect of ESOPs on crash risk
To examine the signaling effect of ESOPs on crash risk, we run Eq. (6) and estimate the interaction between ESOPs and firms' negative news in crash risk. We employ three proxies for firms' negative information: Whether the firm's EPS is lower than analysts' consensus expectations (DEPS); whether the firm or its executive being penalized by the CSRC (Punish); and whether the firm was involved in lawsuits as a defendant (Lawsuit) during the past 6 months. First, regression results in Table 4 show a positive regression coefficient of negative information (DEPS i,t , Punish i,t and Lawsuit i,t ) and crash risk, indicating that the release of bad news significantly aggravates current crash risk. Second, the regression coefficients of cross terms between ESOP i,t-1 and DEPS i,t (Punish i,t and Lawsuit i,t ) are significantly negative, indicating that previously announced ESOPs can alleviate crash risk caused by the outbreak of negative information. Results in Table 4 is consistent with the signaling effect that ESOPs send positive signals about firms' future value and build up investors' confidence in stock prices, which decrease the adverse effects of negative information on crash risk.
It is worth noting that the signaling effect in this paper is not entirely consistent with previous mainstream research on stock price crash risk which focuses on the concealment and subsequent concentrated outbreak of bad news (e.g., Kim et al. 2011a Kim et al. , 2011b Piotroski et al. 2015) . However, as found by Goldstein and Guembel (2008) and Chu and Fang (2016) , crash risk describes the imbalance of stock price volatility between ascending and descending stages, and is manifested through investors' trading behaviors. Following this research, we compare the differences between ESOP firms and their matched ones on stock price performance and investors' trading behavior after the release of bad news and test the influence of these differences on the relationship of ESOPs and crash risk.
We define bad news as when a listed firm or its executive is penalized by the CSRC (Punish), and/or the firm is involved in lawsuits as a defendant (Lawsuit). Different from the regression results presented in Table 4 , we drop DEPS from the bad news measurement if a firm's earnings per share (EPS) is formally disclosed in annual reports, which contain other information that affects stock price and investor behavior. We collect 1,291 cases where ESOP firms and their matched ones were involved in lawsuits as a defendant (Lawsuit) and 381 cases that listed firms or its executives were penalized by the CSRC (Punish). We drop observations in which two or more incidents of bad news were released in less than 3 months to control the mixed influence of different incidents of bad news. Finally, we obtain 1,421 observations of bad news, 706 from ESOP firms and the other 715 from matched samples. We define stock price performance as the cumulative abnormal returns adjusted by market line in the subsequent 5 days after bad news was released [CAR (0, 5)], and investors' behavior as firms' stock turnover in the 30 days (Stto) after the release of bad news. Stto is adjusted by the industry level to control the co-movement effect of sectors, which is a typical phenomenon in Chinese stock markets.
We then compare the difference of CAR (0, 5) and Stto between ESOP firms and their matched ones using the t-test method. Table 5 presents the results of the t-test.
Results in Table 5 show that there are significant differences between ESOP firms and matched ones in stock price performance and investors' trading behavior. Notes. This table presents results of the relationship between ESOPs and crash risk when firms' negative information is disclosed, estimated by the equation:
The t-statistics, reported in parentheses, are based on standard errors clustered by both firm and time. Time and industry fixed effects are included. Here a , b , and c indicate statistical significance at the 10%, 5%, and 1% levels, respectively Concretely, firms suffer a negative cumulative abnormal return of 15.3% in the 5 days after the release of bad news, while the negative cumulative abnormal return decreases to 12.6% if the firm had announced the adoption of an ESOP beforehand. The 2.7% difference (significant at the 1% level) in cumulative abnormal returns may change the distribution of stock returns and affect stock price crash risk. The release of bad news also causes a fire sale and increases the turnover ratio of stocks. The turnover ratio of stocks increases to an additional 78.1% compared to its industry level in the 30 days after the breakout of bad news, but it decreases to 47.7% if a firm had announced the adoption of an ESOP beforehand. The difference in stock turnover ratio (significant at the 1% level) indicates that investors have more confidence in ESOP firms and are more cautious to sell ESOP stocks, which can also reduce stock price crash risk. In sum, Table 5 shows that the adoption of ESOPs does influence investors' trading behavior and the distribution of stock returns, which may change the level of stock price crash risk.
To further examine whether this influence is pronounced in the relationship between ESOPs and crash risk, we then test the mediation effect of CAR (0,5) and Stto on the relationship between ESOPs and crash risk. Table 6 presents the results of these regressions.
Regression results in Table 6 show that the negative relationship between ESOPs and crash risk still exists when we reduce our research sample to firms experiencing bad news, in columns (1) and (6), which is the baseline fortesting the mediation effect. Regression results in columns (2) and (7) show that CAR (0, 5) is negatively related to crash risk, which indicates that ESOP adoption may reduce crash risk through changing stock price performance, as ESOP adoption can decrease the negative cumulative abnormal returns caused by bad news (the result is presented in Table 5 ). Regression results in columns (3) and (8) show that the negative relationship between ESOPs and crash risk disappears when we add the variable CAR (0, 5) into the regression of ESOP and crash, which further improves the mediation effective of CAR (0, 5) on the relationship between ESOP and crash risk.
The regression results of Stto are similar as that of CAR (0, 5). The release of bad news causes a fire sale, leads to a higher stock turnover ratio, and increases crash risk [in columns (4) and (9)]. The adoption of an ESOP can decrease the abnormal high stock turnover ratio (this result is presented in Table 5 ). When we add Stto into the regression equation, the negative relationship between ESOPs and crash disappears [in column (5)] or decreases [in column (10)]. This result can also improve the existence of the mediation effect.
In sum, Tables 5 and 6 further improve our understanding of how the signaling effect of ESOPs works: ESOPs send positive signals to capital markets that insiders are optimistic about the firms' future value, which helps enhance investors' confidence. If Notes. This table presents the difference in price performance and investor trading behavior between ESOP firms and their matched ones after the disclosure of negative information using a t-test method CAR (0,5) is the cumulative abnormal returns adjusted by market line in the 5 days after bad news is disclosed, which measures stock price performance. Stto is firms' stock turnover ratio in the 30 trading days after negative information disclosure to measure investor trading behavior. Here a indicate statistical significance at the 1% levels Notes. This table presents the regression results of the mediation effect of CAR(0,5) and Stto on the relationship between ESOPs and crash risk, estimated by regression equations system: firms have bad news, investors will be more cautious selling stock. The change in investors' behavior will decrease negative cumulative abnormal returns and abnormal high stock turnover ratios caused by stock fire sales, and finally reduce crash risk.
The signaling effect of ESOPs may also work because participation in an ESOP may make employees more likely to release bad news. However, this hypothesis may be limited as employees also suffer from falling stock price caused by bad news. The motivation for employees to disclose firms' bad news is unclear in an ESOP firm.
We attribute this to the lock-in period for ESOPs. ESOPs in China usually contain a lock-in period at the time ESOP equities are offered to employees. The lock-in period is usually 12 months, and can reach up to 18 months, 24 months, or even 36 months in some ESOPs. Shares offered to employees cannot be traded during the lock-in period. During this time, employees are encouraged to disclose bad news about their firms for two reasons. First, employees will not suffer actual losses due to falling share prices within the lock-in period, as their shares cannot be traded. Share prices still have a chance to recover from negative shocks before the end of the lock-in period and employees' selling shares. Second, hoarded bad news may be disclosed after the lock-in period if not done by employees first, which will cause a sharp fall in share price. This will prevent employees from easily selling shares and employees may suffer larger losses.
The motivation for employees releasing bad news may weaken when the lock-in period ends. They may even help conceal bad news to maintain high share prices if they plan to sell shares in the near future.
Based on this analysis, we divide our research samples into two groups according to whether they were in or out of the lock-in period. We then test the influence of ESOPs on crash risk in these two subsamples separately using regression Eq. (5).
We also test the difference of ESOPs' effect on crash risk during and after the lock-in period using the difference-in-difference (DID) method. The estimate regression equation is:
where Block i,t is a dummy variable measure whether ESOP shares are still within the lock-in period. It is valued 1 if ESOP shares are still within the lock-in period and 0 otherwise. Table 7 presents the results of the regressions. Regression results in columns (1) and (2) show that an ESOP is negatively related to crash risk, which indicates that employees are more likely to disclose bad news to avoid the risk of stock price decline within a lock-in period. The significance of the negative relationship between ESOP and crash risk is reduced (regression result 3), and even disappears (regression result 4) after the lock-in period when employees no longer have strong motivations to disclose a firm's bad news if they are planning to or already have sold their shares. The cross terms in columns (5) and (6) are negatively related to crash risk, meaning that there are significant differences in the relationship between ESOPs and crash risk around the end of the lock-in period.
In sum, regression results in Table 7 indicate that employees are more motivated to disclose bad news to avoid future stock price crash risk when ESOP stocks are still within a lock-in period, and this motivation decreases as the lock-in period ends. This may be another way for the signaling effect to work: ESOP adoption indicates that employees are more motivated to disclose firms' bad news. Investing in these firms is less risky. This will also enhance investors' confidence and reduce crash risk.
However, the wide-spread implementation of ESOPs in China has only recently started, and most ESOPs are still within their lock-in period. As time goes on, and more and more ESOP shares are unlocked, employees' motivation to disclose firms' bad news will change, and the relationship between ESOPs and crash risk may also change.
Additional analysis of the signaling effect
Previous research has found that firms adopting ESOPs generally are quite different, and that the details of ESOPs are also varied, that is, ESOPs are heterogeneous. It is therefore important to consider the heterogeneity of ESOPs in examining the relationship between ESOPs and crash risk. Examining the effect of ESOP characteristics on crash risk will also help further verify the signaling mechanism of ESOPs. Therefore, in considering ESOP heterogeneity, we examine the different influences of specific characteristics of ESOPs on stock price crash risk from three aspects: ESOP leverage, ESOP scale, and ESOP price.
ESOP leverage and crash risk
One of the important characteristics of ESOPs is whether or not the funds used in the ESOP come from leveraged financing and the proportion of leverage. Leverage in an ESOP is related to tax avoidance (Chaplinsky and Niehaus 1990; Shackelford 1991) and anti-takeover measures (Brecher et al. 1983 ) and influences firm value and shareholders' wealth (Chang 1990) . From the perspective of the signaling effect, leveraged funds often have the priority claim in leveraged ESOPs, while employees' own funds have a residual claim. As a well-known incentive system, ESOPs link employees' interests to firm value. Employees will not only share in stock price gains but also risk stock price losses. The risk of loss from falling share prices is often magnified by the priority claim of leveraged funds, which will affect the decision of employees to participate in the stock ownership plan and its signaling effect. In sum, we predict that leveraged ESOPs send a stronger signal to capital markets and are more likely to decrease crash risk, compared with non-leveraged ESOPs.
To verify these differences, we employ two variables to proxy ESOP leverage characteristics: Whether the ESOP includes leveraged funds (Dum_Lev_ESOP i,t-1 ), and the leverage ratio of the ESOP (Lev_ESOP i,t-1 ). Then we run the following equation to further verify the influence of ESOPs on stock price crash risk. However, the regression results in Table 8 conflict with the signaling mechanism to some extent. The signaling effect supposes that the announcement of an ESOP indicates positive signals about a firm's value and reduces the influence of negative news on stock price. If ESOPs do send positive signals, leveraged ESOPs, in which participants take more risks, absolutely have stronger signaling effects and should be more helpful in reducing crash risk. Results in Table 8 do not deny the signal effect completely. The positive relationship of ESOP leverage to crash risk maybe caused by specific signals from leveraged ESOPs under particular market situations. In June 2015, 1 year after China's ESOP system was officially put into practice, the capital markets suffered huge fluctuations and the stock prices of many leveraged ESOP firms fell below the warning line or even the liquidation line. Employees involved in leveraged ESOPs did not make extra gains but suffered losses because of compulsory liquidation pressure of leveraged ESOPs. As well, the fact that share prices fell to the liquidation line sent additional negative signals to the market: The ESOP would be forced to liquidate and trigger a continuous stock price crash. With this in mind, investors accelerated the sale of shares and further exacerbated stock price crash risk. 1 Therefore, leveraged ESOPs in this situation do not help enhance market confidence, but exacerbate stock price volatility and heighten crash risk from liquidation expectations.
To test the hypothesis above, combined with the huge fluctuations of the China Ashare markets in 2015, we first divide our sample period into three sub-samples according to stock market index returns: pre-disaster (samples before June 2015), in-disaster (samples from June 2015 to October 2015) and post-disaster (samples after October 2015). Then we run Eq. (8) on these three sub samples respectively. The regression results are presented in Table 9 . Table 9 shows that the positive relationship between ESOP leverage and crash risk is not caused by the negative signaling effect of leveraged ESOPs but by a specific market situation. Before June 2015, leveraged ESOPs did not result in increased crash risk (as shown in regression results 1 to 4 in Table 8 ). However, starting from June 2015, China's stock markets suffered drastic fluctuations and stock prices fell rapidly over a short period. It is possible that investors sold their stocks early to avoid losses caused by compulsory liquidation, which eventually increased crash risk. In sum, the positive relationship between ESOP leverage and crash risk is caused by stock dumping due to forced liquidation rather than the signaling effect of leveraged ESOPs.
It should be noted that the sharp price fall in China A-shares came to an end in October 2015 and then started to turn up. However, further analyses show that the increasing effect of leveraged ESOPs on price crash risk still existed even though the stock market started to recover. The reasons may be as follows: On the one hand, investors still had no confidence in leveraged ESOPs due to their recent experiences with the crash; on the other hand, a "deleveraging" policy had been introduced and was being refined by Chinese government at the end of 2015. The interpretations and expectations of the deleveraging policies and aversion to leveraging may have contributed to investors' pessimism about leveraged ESOPs.
Meanwhile, the regression results 1 to 4 in Table 9 show that leveraged ESOPs neither increased nor decreased crash risk before June 2015. We suppose this is due to the market's limited recognition of ESOPs as they were still new at that time. We may need longer to reach a better understanding of leveraged ESOPs and their signaling effect, especially in China's capital markets where individuals account for the majority of investors. On the other hand, unlike firms' other decisions, ESOPs cannot be compared horizontally between different firms. As employees are subordinate to particular companies, they cannot directly decide the leverage ratio of an ESOP or choose among different stock ownership plans. Therefore, participation in a firm's ESOP can only indicate that the firm is "good," but participation in a leveraged ESOPs does not mean the firm is "better." This may also explain why leveraged ESOPs cannot further reduce crash risk. NCSKEW (2) DUVOL (3) DUVOL (4) NCSKEW (5) NCSKEW (6) DUVOL (7) DUVOL (8) NCSKEW (9) NCSKEW (10) DUVOL ( NCSKEW (2) DUVOL (3) DUVOL (4) NCSKEW (5) NCSKEW (6) DUVOL (7) DUVOL (8) NCSKEW (9) NCSKEW (10) DUVOL (11) DUVOL ( 
The t-statistics, reported in parentheses, are based on standard errors clustered by both firm and time. 
ESOP scale and crash risk
Another important characteristic of ESOPs is the stock ownership size. In terms of signaling effects, larger-sized ESOPs require employees to pay more money or assume higher risks through leveraged financing, thus sending a more convincing signal to the market that insiders are optimistic about a firm's value.
To examine the influence of ESOP size on crash risk, we employ two variables: the natural logarithm of total funds (both employees' own money and funds from leveraged financing are included) invested in an ESOP (Size_ESOP) and the proportion of employee stock ownership to total share capital (Stock_ESOP). Then we examine the influence of ESOP scale on crash risk using the following equation.
The regression results in Table 10 first show that larger-sized ESOPs generally contribute more to the reduction of stock price crash risk. Meanwhile, comparing the regression results of Size_ESOP i,t-1 and Stock_ESOP i,t-1 , we can conclude that investors consider the relative size of ESOPs (Stock_ESOP i,t-1 ) more important than the absolute capital size (Size_ESOP i,t-1 ). This is reasonable as the capital size of an ESOP is often related to the firm's size. For large firms, there are more employees and every 1 % share corresponds to more stocks and more money to purchase them. Thus, the capital size of the ESOP does not send any additional signals of insiders' opinions.
ESOP price and crash risk
Stock price is also an important characteristic of ESOPs. First of all, stock price constitutes the cost of employee participation in an ESOP and directly determines future returns. Moreover, stock price reflects, to some extent, insiders' estimation of firm value, which is also important in signal sending. Therefore, the ESOP stock price may influence crash risk.
To examine the influence of ESOP price on crash risk, we use two variables to measure ESOP price: the estimated share price disclosed in the firm's "ESOP draft" (Price_ESOP i,t-1 ), and the ratio of Price_ESOP i,t-1 to the closing price on the ESOP announcement day (R_Price_ESOP i,t-1 ).
Then we run the following equation and report our findings in Table 11 .
The regression results in Table 11 show that when measured by the absolute price (Price_ESOP i,t-1 ), the regression coefficients of the share price are significant and positive. The higher the share price, the higher the firm's crash risk. The regression coefficient between relative ESOP price (R_Price_ESOP i,t-1 ) and crash risk is not significant.
Results in Table 11 are also inconsistent with the signaling effects. If ESOPs reduce crash risk by sending positive signals to capital markets, a higher share price would seem to suggest stronger insider confidence, reducing crash risk rather than increasing it.
We attribute these contradictory results to the particular market situation during the 2015 crash. As before, we divide our sample period into three sub-samples and run Eq. (10) respectively. We find similar results to 5.3.1. We do not present this table in the paper to focus on our main findings.
Other tests
Tests on the signaling effect of ESOPs show that employees participating in ESOPs are more motivated to disclose firms' bad news. Does this affect executives' behavior and (Hall and Murphy 2000 Huddart and Lang 1996; Jensen and Murphy 1990; Kim and Ouimet 2011) . Employees of firms with ESOPs are more likely to pay attention to stock price and its influencing factors which include executive behavior. Employees are likely to be more motivated to supervise executives and express their opinions about executives' misconduct, which produces additional pressure on executives to work within ethical and legal bounds, thus reducing both the possibility of the concealment of bad news and the level of crash risk. 
The t-statistics, reported in parentheses, are based on standard errors clustered by both firm and time. Time and industry fixed effects are included. Here a , b , and c indicate statistical significance at the 10%, 5%, and 1% levels, respectively Li et al. Frontiers of Business Research in China (2019) 13:14 It is more difficult to conceal bad news when a firm has good corporate governance and effectively supervises executive power. Crash risk will be lower and additional oversight of executives will play less of a role in reducing crash risk in this case. Conversely, executives may easily conceal bad news and a firm's crash risk is high under poor governance, without mechanisms for checks and balances of executive power. Oversight of executives is more effective in preventing information manipulation and reducing crash risk. Therefore, from the perspective of internal supervision, we predict that the influence of ESOPs on crash risk will be more pronounced for firms with poor corporate governance and unrestricted executive power.
To examine the ESOP internal supervision effect on crash risk, we design the following empirical model:
where Monitor i,t-1 is the level of other types of supervision imposed on executives. We employ three proxy variables to depict a firm's existing oversight, which includes the proportion of independent directors on the board of directors (Independent), a dummy variable of whether the firm is audited by the Big Four (Big4) and executive shareholding ratio (ExcHold).These represent the firm's internal corporate governance, external audit supervision and executive power respectively. However, all these regression results show that there is no significant interaction between ESOPs and firms' level of oversight, which indicates that the impact of ESOPs on crash risk does not vary with changes in firms' formal supervision of executives. To control for the length of this paper and focus on our main findings, we do not report these results.
Robustness tests
The effectiveness of PSM Since most of our empirical tests are based on PSM matched samples, if the matching itself is invalid, the conclusion of this paper would also be invalid. To test the effectiveness of our PSM method, we first run Logit regressions and t-tests on the full sample and matched sample (not presented).
Regression results show that firm size (Size i,t-1 ) is positively related to the adoption of an ESOP at the 1% level, and the shareholding ratio of the largest shareholder (Fitst i,t-1 ) is negatively related, which means that an ESOP is influenced by these firm characteristics. The relationship between firm characteristics and the adoption of an ESOP is no longer significant after PSM. T-test results also show that there is no significant difference on firm size, return on assets, shareholding ratio of the largest shareholder, and leverage ratio between ESOP firms and paired ones. These empirical results indicate that our PSM approach controls the differences in characteristics between two types of firms and effectively eliminates the self-selection problem of ESOP adoption.
Endogenous test using the difference-in-difference model
The decision to adopt an ESOP is made in light of various factors, including a firm's characteristics and the previous level of crash risk. Though we use a PSM approach to control variables affecting crash risk following previous studies, endogeneity due to omitted variables may still be a problem. The relationship between ESOPs and price crash risk may be caused by factors not considered in this paper which affect ESOP adoption and crash risk simultaneously.
To further eliminate the endogeneity problems, we add a new variable After in the newly built panel data. The variable After is valued according to the observation date and the ESOP announcement date in ESOP firms. If the observation date is later than its ESOP announcement date, the variable After equals to 1, and 0 otherwise. We extend the sample period to 2013 to capture firm characteristics before the ESOP announcement. The ESOP announcement date for matched firms is the same as the ESOP firms they are matched with. Then we re-examine the influence of ESOPs on stock price crash risk using the DID model as follows:
Table 12 shows that the regression coefficients of ESOP i,t-1 × After i,t are significantly negative at the 1% level, indicating that the crash risk of firms adopting ESOP drops remarkably after the announcement of an ESOP compared with the control group. This finding is consistent with our conclusion and our main results in Table 4 are robust. Kim et al. (2011b) suggest that executive equity incentives will influence stock price crash risk. In particular, they find that CFO stock option incentives significantly increase future crash risk. As mentioned above, ESOPs are similar to executive equity incentives to some extent, and ESOPs in China do not exclude executive involvement, which may also contribute to the relationship between ESOPs and crash risk. To control for the influence of executive equity incentives on crash risk, we add executive equity incentives into the control variables and redo the regression analysis in Table 4 . After these tests, our main conclusions are still robust.
ESOPs versus executive equity incentives
The justification of ESOP announcements
We take the date in which an ESOP draft is disclosed as the ESOP announcement day; however disclosure of the ESOP draft does not mean complete adoption of an ESOP. It needs approval from the subsequent shareholders' meeting. Therefore, we collect data on shareholders' meetings and check whether the ESOP draft is voted on and adopted at the meeting to confirm the ESOP date. We then replace the ESOP announcement date with this one and re-estimate all the regressions above. After these tests, our main conclusions are still robust.
Excluding free ESOPs
Shareholding in partial ESOPs are offered by substantial shareholders for free in China. We measure the size and price of these ESOPs as 0 in previous tests, which is not entirely accurate and may in fact influence our conclusions. Therefore, we eliminate "free ESOP participation" in the robustness tests, and run all regressions above again. Our main findings remain the same.
The justification of ESOP price
The ESOP price we use in Tables 10 and 11 was obtained from ESOP drafts, an ex-ante estimation of the actual price. As an ESOP continues to exist, the actual price will deviate from previous estimations, especially when shares in the ESOP are repurchased on the secondary market. This may affect the robustness of our conclusions. Therefore, we collect information on the ESOP process and calculate the actual stock price of ESOPs using the weighted average method. We replace estimated ESOP price used in Tables 10  and 11 with the weighted average one and repeat the regressions. New regression results show that our main findings are robust. 
Conclusion
As an important initiative to comprehensively deepen reform and promote the healthy development of China's capital markets, ESOPs have received extensive attention from the government, listed firms and investors since they were first proposed. It is worthwhile to examine the influence of ESOPs on capital markets in the fields of both theory and practice. To better understand the impact of ESOPs in China, we conduct empirical tests using listed firms' announced ESOPs in Ashare markets during the time period 2014 to 2017 and their matched samples using a PSM approach. The findings show that the adoption of ESOPs can reduce future crash risk mainly through signaling effects: ESOPs convey positive signals to capital markets that insiders are optimistic about firms' future value, which helps enhance investors' confidence, reduce the negative influence of bad information on stock price, and thus reduce stock price crash risk. Finally, we find that ESOP heterogeneity is of great importance to the influence of ESOPs on stock price crash risk. Larger scale, lower-priced, and non-leveraged ESOPs are more likely to reduce abnormal stock price fluctuations and decrease crash risk, while higher-priced and leveraged ESOPs only have a limited effect on crash risk reduction and sometimes may even raise the risk.
Abbreviations "Opinions": Guiding Opinions on the Pilot Program for the Implementation of the Employee Share Ownership Plans by Listed Companies; CSRC: China Securities Regulatory Commission; ESOP: Employee Stock Ownership Plan; SOE: State-Owned Enterprise
